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Correlation of texture parameters between wbQCT and HR-pQCT:
R2 (p) [slope, intercept]. Grey: correl
Fig. 2. Statistically signiﬁcant differences between KL groups in medial
and lateral tibial subchondral bone plate (SBP) and trabecular bone (TB)
using mean grayscale value (GV) and entropy from both Laplacian- based
(ELap) and local binary patterns images (ELBP). * ¼ Studied KL group differs
signiﬁcantly from the indicated KL group (LSD post-hoc test).
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S269ELap are shown. Furthermore, GV’ and HILBP were signiﬁcantly (p< 0.05)
lower in the KL0 than in the KL2-4 groups in the medial subchondral
bone plate. Similarly, HILBP was signiﬁcantly (p < 0.05) lower in the KL0
than in the KL1-4 groups in the medial and lateral trabecular bone
whereas GV’ was signiﬁcantly (p < 0.05) lower in the KL0 than in the
KL2-4 groups in the medial trabecular bone.
Conclusions:Our results indicate that the changes inbone texture inknee
OA can be quantitatively evaluated from plain radiographs using
advanced image analysis methods. Based on the results, increased bone
density, due to subchondral bone sclerosis, can be directly estimated from
the grayscale values, if theX-ray imaging conditionsare constant between
patients. However, structural analysis of bone was more reproducible
than direct evaluation of grayscale values, and it is therefore better suited
for quantitative analysis when X-ray imaging conditions are variable.
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ADVANCED KNEE STRUCTURE ANALYSIS (AKSA) FOR
OSTEOARTHRITIS (OA): COMPARISON OF BMD AND TEXTURE IN
TRABECULAR STRUCTURE OF THE KNEE BY QCT AND HR-PQCT
T. Lowitz y, C. Chappard z, L. Laouisset z, O. Museyko y, V. Bousson z,
J-D. Laredo z, K. Engelke y. yUniv. of Erlangen, Erlangen, Germany; zAP-HP,
Ho^pital Lariboisiere, Service de Radiologie Osteo-Articulaire, Paris, FrancePurpose: The applicability of texture analysis to bone architecture
in clinical CT examinations was investigated and compared to
results obtained from high resolution peripheral quantitative
computed tomography (HR-pQCT). Changes in the trabecular
architecture of subchondral bone in the knee may be an important
indicator of progress in knee OA, however the quantiﬁcation of
structure parameters in vivo is difﬁcult due to the limited spatial
resolution of available CT or MR imaging equipment. We have
recently developed a QCT protocol for the knee to analyze BMD
and trabecular texture and have shown in simulations that texture
parameters can be used as surrogate parameters to assess OA
related changes of trabecular architecture.
Methods: QCT was performed in 57 osteoarthritic (OA) human knees
from 32 cadavers (18\ (83  8 years), 14_ (79  11 years) using whole
body clinical CT (wbCT) with a slice thickness of 0.5 mm and an in plane
pixel size of 250 mm2 (Siemens Sensation 64) and high resolution
peripheral QCT (HR-pQCT) with an isotropic voxel size of 82 mm3
(Scanco XtremeCT). Based on the 3D segmentation of the periosteal and
endosteal surfaces and of the growth plates, anatomical coordinate
systems were determined for the distal femur and proximal tibia rela-
tive to which eight analysis VOIs (cortical (cort), subchondral- (S1) and
mid epiphyseal (S2) and juxtaphyseal (S3) VOIs each in medial and
lateral compartments) were automatically positioned in the wbCT
datasets. Via rigid registration they were transferred to the HR-pQCT
datasets so that BMD and texture parameters (entropy, global and local
inhomogeneity, anisotropy and variogram slope) were analyzed in
exactly the same location in the HR-pQCT datasets. Agreement between
wbQCT and HR-pQCT was analyzed by linear regression.
Results: BMD (averaged over all VOIs) correlated highly between
wbQCT and HR-pQCT (p 0.996). Analysis VOI speciﬁc results for three
texture parameters are shown in the graphs. Regression results for
texture parameters averaged over all eight analysis VOIS are shown in
the table.
Conclusions: Not surprisingly the BMD measurements correlated
highly between wbQCT and HR-pQCT. But also the texture parameters
showed high correlations (p < 0.01, R2 >¼ 0.7) apart from local
inhomogeneity and variogram slope in the femur. Assuming that there
is a relation between structure and texture in HR-pQCT datasets,
which is still to be established, structural changes can also be meas-
ured using texture parameters in wbQCT. This is of particular impor-
tance as the geometry of the XtremeCT prevents scanning human
knees in vivo.
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WHAT HAPPENS TO KELLGREN-LAWRENCE GRADE 1 JOINTS IN
HAND OSTEOARTHRITIS (OA) AFTER 2.6 YEARS ? “OA OR NOT OA
THAT IS THE QUESTION ?” - DATA FROM THE SEKOIA TRIAL
E. Maheu y, C. Cadet z, F. Carrat x, Y. Barthe x, F. Berenbaum k. yAP-HP - St
Antoine Hosp., Paris, France; zRheumatology ofﬁce, Paris, France; x Publ.
Hlth.and Biostatistics Dept - AP-HP St Antoine Hosp.- Univ Paris 06 -
INSERM, Paris, France; kRheumatology, AP-HP St Antoine Hosp.- Univ.
Paris 06 - INSERM, Paris, France
Purpose: In 1957, Kellgren and Lawrence (KL) introduced in their
radiologic scoring method to assess osteoarthritis (OA) a grade 1 for
doubtful OA, besides the grade 0 for no OA. How to use and consider this
grade has been widely discussed but remains unsolved. Is a KL 1 joint a
pre-radiographic OA disease? Is KL 1 the ﬁrst step to OA?.
Objectives: To assess the outcome of KL1 joints in hand OA patients
over 2.6 years.
Methods:Data came froman international 3-year, randomized, placebo-
controlled phase III trial designed to assess the effect of strontium
ranelate compared to placebo on the radiographic progression of knee
OAwhich included symptomatic primary kneeOApatients (ACR criteria)
at a KL grade 2 or 3,with aminimal joint spacewidth (JSW) between2.5–
5 mm (SEKOIA trial). In parallel, baseline and ﬁnal postero-anterior
radiographs of each hand were performed. Hand symptoms were
assessed using the functional index for Hand OA (FIHOA; range 0–30)
and the AUSCAN-function (0–900 normalized at 100). Two independent
readers scored half of the pairs of radiographs obtained each, blinded to
treatment and time sequence, using the KL (range 0–128 for the 32 joints
graded), Kallman (0–204) and Verbruggen anatomical phase (0–218)
scoring methods with a good inter-rater reproducibility (ICCs > 0.8)
Hand OA was established if at least 2 joints were scored  KL 2. All the
joints scored grade 1 according to KL scoring method identiﬁed at
baselinewere re-assessed on the ﬁnal hand radiograph. The evolution of
all joints scored KL1 at baseline in the placebo group is described.
Results: Of 1669 patients included in the SEKOIA trial, 1360 had hand
radiographs. 999(73%) had radiologic hand OA at baseline. 297 patients
out of 472 in the placebo group had baseline and post-Baseline radio-
graphs. 71% were female, mean age 64  7 years, body mass index 29.6
 5 kg/m2, and initial knee JSW 3.5  0.8 mm. Baseline hand OA radi-
ologic severity was mild: KL score 21.3  13, Kallman score 24.6  22
and Verbruggen score 13.7  15. The level of symptoms was low: FIHOA
score was 4  5, Auscan global score was 31.8  28. Mean time interval
between baseline and ﬁnal radiographs was 2.6 years. 1203 joints were
scored KL 1 at baseline (mean: 4.1  2.4 per patient). On ﬁnal radio-
graphs, 42 (4%) were scored KL 0,779 (65%) remained KL 1; 356 (30%)
were scored KL2;15 (1%) KL 3 and 6 (0.5%) KL 4.
Conclusions: In this sample of knee OA patients with mild radiographic
hand OA, 32% of the joints at a KL 1 grade progressed to a KL 2 or more,
therefore became OA joints, whereas only 4% evolved to a grade 0 (no
OA) after 2.6 years. Thus KL 1 grade appears to be in hand OA the ﬁrst
step of a radiographic OA in many cases.
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THE VALIDITY OF A NON-RADIOLOGIST READER IN IDENTIFYING
CAM AND PINCER FEMOROACETABULAR IMPINGEMENT (FAI)
USING PLAIN RADIOGRAPHY
C. Zhang y, C. Ratzlaff z, J. Korzan y, L. Josey y, H. Wong y, J. Cibere x,
H.M. Prlic x, J.A. Kopec y, J.E. Esdaile y, B.B. Forster k. yUniv. of British
Columbia, Vancouver, BC, Canada; zBrigham and Women’s Hosp. /Alpha Angle > 55 (CAM) Lateral Centre Edge Angle > 40 (P
Fellowship-trained
MSK radiologist
Fellowship-trained
MSK radiologist
Yes No Total Yes No T
Trained Reader Yes 20 4 24 12 5
No 3 22 25 1 3
Total 23 26 49 13 5
Sensitivity 0.87 0
Speciﬁcity 0.85 0Harvard Med. Sch., Boston, MA; xArthritis Res. Ctr. of Canada,
Vancouver, BC, Canada; kVancouver Gen. Hosp., Vancouver, BC, Canada
Background/Purpose: There is emerging evidence that the majority
of hip pain in young active adults is caused by femoroacetabular
impingement (FAI), a proposed pre-cursor to the majority of hip
osteoarthritis (OA). While FAI has been well described, many
patients with symptomatic FAI experience signiﬁcant delays in
diagnosis, are often misdiagnosed and receive inappropriate, inef-
fective or harmful treatment. Consultation with health care providers
in musculoskeletal (MSK) disciplines (primary care, orthopaedics,
physical therapy, rheumatology, sports medicine, chiropractic) is
frequent to receive an appropriate diagnosis and treatment (Carlisle
et al 2011). Radiographic assessment of the hip is a vital component
of the workup for pre-arthritic hip pain in this population, and an
important clinical (and research) question is whether the radio-
graphic ﬁndings of FAI are valid when read by a non-radiologist
health care provider. The purpose of this study was to evaluate the
criterion validity of a radiographic diagnosis of FAI performed by a
trained medical non-radiologist reader.
Methods: This study was conducted within the IMPAKT-HiP study
(Investigations of Mobility, Physical Activity and Knowledge
Translation in Hip Pain), a large Canadian longitudinal study on the
role of FAI and physical activity in hip pain. A random population-
based sample of 500 subjects was recruited through random digit
dialing in Metro Vancouver, Canada. For the current study, 50
subjects were selected from this sample - 40 randomly and 10 with
clinically conﬁrmed FAI to enrich the sample with an adequate
number of positive test ﬁndings. An AP pelvis (weight-bearing, hips
IR 15) and bilateral Dunn projection radiographs were acquired
using standardized protocols. After blinding all demographic and
clinical information, the 50 cases were randomized and read by a
fellowship-trained MSK radiologist experienced in FAI, and a 3rd
year medical student who had received radiographic training to
read radiographic signs of FAI. Three radiographic signs were
evaluated: the lateral center edge angle (LCE), alpha angle and
cross-over sign. FAI was deﬁned radiographically as any one of LCE
> 40, alpha angle > 55 and presence of a cross-over sign. The
medical student re-read all ﬁlms 8 weeks later to obtain data for
intra-rater reliability.
Analysis. Validity was assessed using the sensitivity and speciﬁcity of
the medical students scores against the gold standard obtained from
the scores of the fellowship-trained MSK radiologist. The intra-reader
reliability for the medical student was examined using Cohen’s Kappa,
as well as the prevalence-adjusted bias adjusted Kappa (PABAK) sta-
tistic. PABAK measures agreement beyond chance while taking into
account both the prevalence of a positive ﬁnding and the bias of each
measurement for reporting a positive ﬁnding. It is thought to be a better
estimate for agreement than the standard Kappa. A PABAK of>0.60 was
considered to indicate adequate reliability.
Results: The sample contained 45% women (n¼ 31), was 62% Caucasian
and 38% Chinese, and had a mean age of 38.3 years (SD ¼ 8.0). Hip pain
in the past 12 months was reported by 42%. One hip had a fracture and
was excluded, leaving 49 hips. The results are given in Table 1. The
trainedmedical student correctly classiﬁed most cases and non-cases of
FAI. When combining all three tests, the sensitivity was 0.83 and spe-
ciﬁcity was 0.87. For the individual tests, only the sensitivity for the
cross-over sign was below 0.85 (0.50). However there were only 6
positive cases of cross-over (and it is the most difﬁcult to read of the
three signs). Apart from the small number of positive cross-over signs,incer) Cross-over Sign (Pincer) 3 FAI signs combined
Fellowship-trained
MSK radiologist
Fellowship-trained
MSK radiologist
otal Yes No Total Yes No Total
17 3 5 8 35 14 49
1 32 3 38 41 7 91 98
6 49 6 43 49 42 105 148
.92 0.50 0.83
.86 0.88 0.87
